Abstract -Oxidative stress-associated parameters [concentrations of lactofenin, Cu,Zn-superoxide dismutase (SOD) and Mn-SOD] were determined in sera of 20 patients suffering from alcohol dependence immediately after detoxification and in IS non-dependent healthy subjects as controls. In the patient group, the mean Mn-SOD concentration reached almost double the values of those from the control group (142.9 vs 76.0 ng/ral, P < 0.01). The other parameters tended to be increased in patients, but did not differ significantly between index and control groups. The findings are consistent with increased oxidative stress due to chronic alcohol intake, which might be responsible for secondary diseases such as brain atrophy, peripheral polyneuropathy and liver fibrinogenesis.
INTRODUCTION
Alcohol dependence is often associated with severe tissue damage and secondary disorders, but the biochemical mechanisms leading to these disorders, such as brain atrophy, peripheral polyneuropathia, alcoholic liver fibrinogenesis and cancer, have not been precisely determined. Alcohol itself has direct toxic properties, but it also influences various cellular pathways, thereby altering important metabolic functions and suppressing protective mechanisms. Chronic alcohol intake may affect membrane fluidity, signal transduction, cytochrome /M50 induction, acetaldehyde metabolism, eicosanoid metabolism, cytoskeletal function, energy metabolism, O 2 consumption, microcirculation, Kupffer cell and Ito cell activation, immune injury, and gene expression (see French, 1991) . There also exists the possibility of increased oxidative stress in alcohol-dependent subjects (Reinke et al., 1990) . Alcohol dependency is often accompanied by impaired nutritional status (vitamins, trace elements), reduced levels of vitamin E and a reduced antioxidant capacity (Bjorneboe and Bjorneboe, 1993) , although the effect of alcohol on antioxi-
• Author to whom correspondence should be addressed. dant vitamins appears independent of nutritional status (Lecomte et al., 1994) . Oxidative stress, resulting from increased free radical production and/or decreased antioxidant defence, is not restricted to the liver, but also involves extrahepatic tissues, such as the central nervous system, heart and testes (Nordmann, 1994) , and monitoring of erythrocyte malondialdehyde and of plasma lipid hydroperoxides reveals a close association between oxidative damage and alcohol abuse. These findings suggest that free radical intermediates produced during ethanol metabolism may be responsible for oxidative damage in alcoholics (Clot et al., 1994) , and this may be involved in alcohol-associated brain injury (Montoliu et al., 1994) , hepatotoxicity (Cederbaum, 1991; Tsukamoto, 1993) and tumour promotion (Mufti et al., 1993) .
However, determination of free radicals is extremely difficult, because of their short half life, due to their high reactivity. All methods presently used for free radical quantification, such as thiobarbituric acid reactive substances (TBARS) measurement, are indirect methods and have a high risk of artefacts (Gotz et al., 1994) .
The cytosolic enzyme Cu,Zn-superoxide dismutase (SOD) and its mitochondrial Mn-dependent counterpart catalyse the conversion of superoxide anion radicals to hydrogen peroxide.
They thus play an important role in ameliorating the deleterious effects of oxidative stress. They can be specifically quantified by immunological techniques such as ELJSA. Apart from Cu,Zn-and Mn-SOD, extracellular SOD (EC-SOD) has been identified in human tissue; the metallic enzyme EC-SOD also contains copper and zinc and exhibits sequence homologies with Cu,Zn-SOD, whereas Mn-SOD exhibits no homologies with either of these isoenzymes (Marklund, 1982) . However, all human SODs have their own immunoactivities and can be specifically distinguished by appropriate antibodies (Marklund 1984 (Marklund , 1990 .
Lactoferrin (LTF) is released from neutrophilic leukocytes into the extracellular medium; its extracellular concentration is thus an index of neutrophil activation (Lash et al., 1983) , and it is involved in Fe 2+ autoxidation and thereby in *OH generation (Klebanoff and Waltersdorph, 1990) .
Measurement of the concentrations of LTF and of the enzymes participating in free radical metabolism might provide important additional information to studies focusing on their catalytic activity. The aim of the present study was therefore the quantitative determination of the plasma concentrations of these oxidative stressassociated parameters in alcohol-dependent and control subjects. Additionally, the liver enzymes gamma-glutamyl transpeptidase (yGT), alanine aminotransferase (ALAT) and aspartate aminotransferase (ASAT) were determined, as well as the mitochondrial enzyme glutamate dehydrogenase (GLDH).
METHODS

Subjects
Twenty inpatients (two females, 18 males) suffering from moderate to severe alcohol dependence were included in the study, after signing informed consent forms. The mean ± SD age of the patients was 40 ± 8 (range: 30-59) years. Their Broca index [weight (kg) x 100/(height (cm) -100)] (Zfillner, 1982) ranged from 79.7 to 117.5% (mean ± SD: 98.01 11.7%); none of them was obese. The mean ± SD duration of alcohol dependence was 14.3 ± 7.6 (range: 4-35) years with a mean ± SD daily alcohol intake of 249 ± 99 g (range: 120-450 g) during the months before hospitalization.
Alcohol dependence was diagnosed according to ICD 10 (minimum five out of eight criteria) and DSM-III-R criteria (moderate to severe). Additionally, the Munich Alcoholism Test (MALT) was performed (Feuerlein et al., 1977) . The mean ± SD MALT score was 33 ± 5 (range: 25-40). Subjects were not included in the study if polydrug abuse (urine testing), psychiatric comorbidity, personality disorder or hepatic failure were indicated.
Fifteen non-alcohol-dependent healthy subjects served as controls. They were matched according to Broca index (mean ± SD: 94.7 ± 8.8; range: 83.9-113.3) and sex (two females, 13 males), but not according to age (mean ± SD: 33 ± 10 years; range: 23-57).
Quantitative determination of LTF, Mn-and Cu,Zn-SOD
LTF, Mn-and Cu,Zn-SOD levels were measured by an enzyme-linked immunoassay of the sandwich type using commercial kits and standard protocols (Lacto-f-EIA, Bioxytech S.A., France; Mn-and Cu,Zn-SOD, human, ELISA System, Sceti Co. Ltd, Japan). Serum samples were incubated in a 96-well-microplate coated with monoclonal antibody and then a second enzymelinked monoclonal antibody was added. After colorimetric revelation with orf/to-phenylenediamine solution, concentration of the target species was calculated from the absorbance at 420 nm (LTF) or 450 nm (SODs) by computerized microplate-reader (Dynatech MR 4000, Dynatech Laboratories, USA).
The Mn-and Cu,Zn-SOD ELJSA kits determine each isoenzyme specifically. They show no crossreactivity (Porstmann et al., 1990) . Moreover, EC-SOD, which cannot be distinguished from Cu.Zn-SOD by routine activity assays (due to high sequence homology at the active site, which has hampered the development of specific inhibitors), is not recognized by antibodies directed against the other two human SOD species. The specificity of the measurements made is thus satisfactory (Marklund, 1984 (Marklund, , 1990 .
Determination of yGT, ALAT, ASAT and GLDH activities
yGT, ALAT, ASAT and GLDH were measured for each patient and control using standard procedures on an autoanalyser (yGT, ASAT, ASAT: Kone Specific Ultra; GLDH: Hitachi 747). ALAT and ASAT were determined using the ultraviolet test, and GLDH was determined by the 'optimated standard method ' (van Husen and Gerlach, 1974) . yGT was measured by the method of Szasz (1974) .
Statistical evaluation
Statistical analysis of the data was carried out using the K-S and Lilliefors test for normality. In the case of normal distribution (Mn-SOD, LTF), the parametric Mest for independent samples was used; for Cu,Zn-SOD, normality of distribution was not indicated, so that the non-parametric Mann-Whitney IMest was used. This test was also used for the evaluation of the side parameters (yGT, ALAT, ASAT, GLDH). For the correlation of Mn-, and Cu,Zn-SOD levels with these values, the Pearson product-moment correlation coefficient was calculated. A level of P < 0.05 was accepted as significant.
RESULTS
Results are summarized in Tables 1 and 2 . In the patient group, the mean Mn-SOD concentration in serum from peripheral blood reached almost double the values of those from healthy controls (Table 1) ; after Bonferonni correction for multiple testing, this difference was significant {P < 0.01). The Cu,Zn-SOD concentration in the index group was not significantly different from that of the control group (Table 1) . The LTF concentration was also higher in the patient group when compared to controls, but, after Bonferonni correction, this difference was not significant (Table 1) .
As expected, the liver enzymes yGT, ALAT, ASAT and GLDH, which were determined as site parameters, exhibited the alterations typically seen in alcoholic patients, and differed significantly from the values of the controls ( Table 2 ). The activities of yGT and GLDH, and the ASAT/ ALAT ratio (DeRitis quotient) were significantly correlated with Mn-SOD levels (r = 0.45, 0.58, -0.59 respectively; P < 0.05), but not with those of Cu,Zn-SOD (r = 0.04, 0.24, -0.12 respectively; P > 0.05).
DISCUSSION
In previous reported studies, SOD activity, rather than the concentration of SOD protein itself, has been determined. Guemouri et al. (1993) examined a sample of 58 male alcoholics without evidence of severe liver disease, and found no difference in plasma SOD and plasma glutathione peroxidase (pGPX) activities before abstinence when compared with 78 healthy, nondependent control men. After 21 days of abstinence, mean plasma SOD activity in the alcoholic group was reduced by 8.3% and that of pGPX by 23.3%. These variations in blood antioxidant enzyme activities were of limited amplitude, and did not allow their use as markers of alcohol abuse. However, in a cell culture model using human hepatoma cells, an increase in Mn-SOD was found after short-term exposure to ethanol (Perera et al., 1995) . This increase diminished after repeated ethanol administration. These latter authors concluded that chronic exposure to ethanol may suppress the cellular adaptive response to oxidative stress; with prolonged ethanol exposure, oxidative stress would be of increasing toxicity.
Differential changes in SOD isoenzymes and glutathione peroxidase activities have also been described during chronic alcohol ingestion in an animal model. In the miniature pig exposed to ethanol, the activities of Cu,Zn-SOD and glutathione peroxidase were lower and the activity of Mn-SOD was higher in the treated group than in controls (Zidenberg-Cherr et al., 1990) . These findings concord with our finding of a highly increased Mn-and only marginally increased Cu,Zn-SOD concentration in the serum of alcohol-dependent patients immediately after withdrawal. Our results are also consistent with the reported increase in the expression of mitochondrial Mn-SOD in the rat liver in response to both acute and chronic ethanol exposure (Koch et al., 1994) .
The use of this parameter as a marker of alcohol abuse thus requires further investigation. The time course of the changes in Mn-SOD concentration during dependence and at different time points during abstinence is of especial interest. The increase in mitochondrial Mn-SOD concentration may be based on increased cell death in the liver; this would be similar in part to the well-known increased yGT levels in alcoholic patients. On the other hand, the increased Mn-SOD level could represent a defence mechanism against the increased oxidative stress caused by ethanol consumption. This interpretation is supported by the observation that serum Cu,Zn-SOD levels were not significantly elevated, although this isoenzyme is cytoplasmic. However, the correlation of Mn-SOD levels with those of GLDH, a marker of mitochondrial damage, means that these results must be treated cautiously. Examination of other parameters of oxidative stress will be required for an unequivocal conclusion. Further, ethanol may also affect other parameters of free radical metabolism; for example, Gao et al. (1995) suggested that alcohol exposure may induce a unique SOD/catalase-insensitive free radical species. Our findings are thus consistent with increased oxidative stress in response to chronic alcohol intake. Since many studies have lent support to this hypothesis, antioxidant supplementation may be an advisable pharmacotherapeutic strategy for patients suffering from alcohol dependence (Butcher et al., 1993) .
